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(54) ENERGY STORAGE SYSTEM AND HEATING CONTROL METHOD FOR BATTERY PACK

(57)  This application provides an energy storage
system and a heating control method for a battery pack.
The energy storage system includes one or more battery
packs and a controller. The battery pack includes an
electrochemical cell, a heating film, a first switching tran-
sistor, and a first drive circuit. The heating film is config-
ured to heatthe electrochemical cell. The heating filmand
the first switching transistor are connected in series, and
then connected in parallel between a positive direct
current bus and a negative direct current bus. The first
drive circuit is configured to output a pulse signal, to drive
the first switching transistor to be turned on and turned off.

The controller is configured to: if a voltage between the
positive direct current bus and the negative direct current
bus is greater than a voltage threshold, reduce a duty
cycle of the pulse signal, to reduce operating power of the
heating film; or if a voltage between the positive direct
current bus and the negative direct current bus is less
than or equal to a voltage threshold, increase a duty cycle
of the pulse signal, to increase operating power of the
heating film. According to the solution of this application,
excessively high operating power of the heating film can
be avoided, so that a risk of damage to the heating film
can be reduced.
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Description
TECHNICAL FIELD

[0001] This application relates to the battery field, and
in particular, to an energy storage system and a heating
control method for a battery pack.

BACKGROUND

[0002] In a process of charging a battery, a tempera-
ture of the battery has greatimpact on charging efficiency.
Usually, the battery has low charging efficiency or even
cannot be charged at a low temperature. In some envir-
onments, condensation may occur in the battery, which
affects battery safety.

[0003] Currently, the battery may be heated by using a
heating film. An operating principle of the heating filmis to
convert electric energy into thermal energy based on
electrothermal effect, to heat an electrochemical cell.
In most existing heating solutions, the heating film and
a switching transistor are used for control: A controller
controls the switching transistor to be directly turned on,
so that the heating film operates to heat the battery.
However, the heating film has rated heating power,
and voltage fluctuation between a positive direct current
bus and a negative direct current bus affects operating
power of the heating film. Especially when a voltage
between the positive direct current bus and the negative
direct current bus increases, the operating power of the
heating film is excessively high. As a result, the heating
film is damaged.

SUMMARY

[0004] This application provides an energy storage
system and a heating control method for a battery pack,
so that excessively high operating power of a heating film
can be avoided, and a risk of damage to the heating film
can be reduced.

[0005] According to a first aspect, an energy storage
system is provided, including one or more battery packs
and a controller. The battery pack includes an electro-
chemical cell, a heating film, a first switching transistor,
and a first drive circuit. The heating film is configured to
heat the electrochemical cell. The heating film and the
first switching transistor are connected in series, and then
connected in parallel between a positive direct current
bus and a negative direct current bus. The first drive
circuit is configured to output a pulse signal, to drive
the first switching transistor to be turned on and turned
off. The controller is configured to: if a voltage between
the positive direct current bus and the negative direct
current bus is greater than a voltage threshold, reduce a
duty cycle of the pulse signal, to reduce operating power
of the heating film; or if a voltage between the positive
direct current bus and the negative direct current bus is
less than or equal to a voltage threshold, increase a duty
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cycle of the pulse signal, to increase operating power of
the heating film.

[0006] Inthis embodiment ofthis application, the signal
output by the first drive circuitis a pulse signal. Therefore,
evenifthe voltage between the positive direct current bus
and the negative direct current bus changes, the duty
cycle of the pulse signal output by the first drive circuit can
be set to control the operating power of the heating film,
so that excessively high operating power of the heating
film can be avoided, and a risk of damage to the heating
film can be reduced. Specifically, if the voltage between
the positive direct current bus and the negative direct
current bus is greater than the voltage threshold, the
controller reduces the duty cycle of the pulse signal, so
that the operating power of the heating film can be
reduced, and the risk of damage to the heating film
can be reduced. If the voltage between the positive direct
current bus and the negative direct current bus is less
than or equal to the voltage threshold, the controller
increases the duty cycle of the pulse signal, so that the
operating power of the heating film can be increased, and
efficiency of heating the electrochemical cell by the heat-
ing film can be improved.

[0007] Inaddition, because the signal output by the first
drive circuit is a pulse signal, the duty cycle of the pulse
signal output by the first drive circuit can be setto adapt to
heating films of different specifications, to implement
multi-scenario application.

[0008] In a possible implementation, the energy sto-
rage system includes a current detection circuit and an
isolating circuit. The current detection circuit is config-
ured to detect a current flowing through the first switching
transistor. The isolating circuit includes an isolating
switch. The current detection circuit, the isolating switch,
the heating film, and the first switching transistor are
connected in series, and then connected in parallel be-
tween the positive direct current bus and the negative
direct current bus. Before the heating film operates, the
controller is configured to: first turn on the isolating
switch, and if the current flowing through the first switch-
ing transistor is not zero, then turn off the isolating switch;
or first turn on the isolating switch, and if the current
flowing through the first switching transistor is zero, then
turn on the first switching transistor.

[0009] In this embodiment of this application, before
the heating film operates, the controller first turns on the
isolating switch. If the current flowing through the first
switching transistor is not zero, it indicates that the first
switching transistor is faulty. If the first switching transis-
tor is forcibly turned on, damage to the first switching
transistor may be further aggravated; and more seriously,
the heating film may be damaged. Therefore, in this case,
the first switching transistor cannot be turned on. The
controller may turn off the isolating switch. After the
isolating switch is turned off, it is equivalent to that a fault
current caused by a fault of the first switching transistor is
cut off, to facilitate subsequent maintenance or replace-
ment of the first switching transistor. Before the heating
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film operates, the controller first turns on the isolating
switch. If the current flowing through the first switching
transistor is zero, it indicates that the first switching
transistor is not faulty. In this case, the controller may
turn on the first switching transistor, so that the heating
film can heat the electrochemical cell. In this manner, a
safety status of the first switching transistor can be pre-
detected, so that the heating film can safely and reliably
heat the electrochemical cell, and damage to the heating
film can be avoided.

[0010] In a possible implementation, the isolating cir-
cuit further includes a second drive circuit and a second
switching transistor. The second drive circuit is config-
ured to drive the second switching transistor to be turned
on or turned off. The second switching transistor is con-
nected in series to a coil of the isolating switch. The
second switching transistor is turned on, the coil gener-
ates a magnetic field, and the isolating switch is turned
on; or the second switching transistor is turned off, the coll
does not generate a magnetic field, and the isolating
switch is turned off.

[0011] In this embodiment of this application, when the
current detection circuit detects that the current flowing
through the first switching transistor is not zero, it indi-
cates that the first switching transistor is faulty, and the
first switching transistor cannot be turned on. In this case,
the controller controls the second drive circuit to output a
low level, to turn off the isolating switch. When the current
detection circuit detects that the current flowing through
the first switching transistor is zero, it indicates that the
first switching transistor is not faulty. In this case, the
controller controls the second drive circuit to output a high
level, to turn on the isolating switch. Especially when the
isolating switch is turned off, because the isolating circuit
includes the isolating switch, physical isolation can be
implemented, so thatisolation reliability can be improved.
[0012] Ina possible implementation, the current detec-
tion circuit includes a first resistor and an operational
amplifier. The first resistor is connected in series to the
first switching transistor. A non-inverting input end of the
operational amplifier is connected to one end of the first
resistor. An inverting input end of the operational ampli-
fier is connected to the other end of the first resistor. An
output end of the operational amplifier is connected to the
controller.

[0013] In this embodiment of this application, the first
resistor in the current detection circuit is connected in
series to the first switching transistor, and a current
flowing through the first resistor is consistent with the
current flowing through the first switching transistor. The
non-inverting input end of the operational amplifier is
connected to the one end of the first resistor, and the
inverting input end of the operational amplifier is con-
nected to the other end of the first resistor. The output end
of the operational amplifier is connected to the controller.
Therefore, the input ends of the operational amplifier
input a voltage between the two ends of the first resistor,
and the output end of the operational amplifier outputs an
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amplified voltage of the first resistor. The controller may
control, based on an obtained voltage, the duty cycle of
the pulse signal output by the first drive circuit, to control
an operating current of the heating film, and avoid da-
mage to the heating film.

[0014] Inapossibleimplementation, the current detec-
tion circuit further includes a second resistor, two diodes,
and avoltage source. The second resistoris connected in
series between the controller and the output end of the
operational amplifier. An anode of one of the diodes is
connected to a connection point of the second resistor
and the controller, and a cathode of the one of the diodes
is connected to the voltage source. A cathode of the other
diode is connected to the connection point of the second
resistor and the controller, and an anode of the other
diode is connected to a reference ground.

[0015] In this embodiment of this application, a main
function of the two diodes is to avoid an excessively high
pin voltage input to the controller, so that a risk of damage
to a pin of the controller is reduced. For example, when
the output end of the operational amplifier is short-
circuited to a positive supply rail, one of the diodes is
conducted. Alternatively, when the output end of the
operational amplifier is short-circuited to a negative sup-
ply rail, the other diode is conducted. Because the second
resistor is designed, based on a current forward char-
acteristic of the diode, a voltage and a current are ap-
proximately in a linear relationship. Because a current
flowing through the second resistor decreases, a voltage
at a connection point of the controller and the operational
amplifier can be reduced. In other words, the pin voltage
flowing into the controller decreases. Therefore, the risk
of damage to the pin of the controller can be reduced.
[0016] According to a second aspect, a heating control
method for a battery pack is provided. The method in-
cludes: if a voltage between a positive direct current bus
and a negative direct current bus is greater than a voltage
threshold, reducing a duty cycle of a first switching tran-
sistor, to reduce operating power of a heating film, where
the first switching transistor and the heating film are
connected in series, and then connected in parallel be-
tween the positive direct current bus and the negative
direct current bus, and the heating film is configured to
heat an electrochemical cell of the battery pack; or if a
voltage between a positive direct current bus and a
negative direct current bus is less than or equal to a
voltage threshold, increasing a duty cycle of a first switch-
ing transistor, to increase operating power of a heating
film.

[0017] In a possible implementation, before the heat-
ing film operates, the method further includes: first turn-
ing on an isolating switch, and if a current flowing through
the first switching transistor is not zero, then turning off
the isolating switch, where the isolating switch is con-
nected in series to the first switching transistor; or first
turning on an isolating switch, and if a current flowing
through the first switching transistor is zero, then turning
on the first switching transistor.
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[0018] In a possible implementation, the turning on an
isolating switch includes: controlling a second drive cir-
cuit to output a high-level signal. A second switching
transistor is turned on, and a coil in the isolating switch
generates a magneticfield, to turn on the isolating switch.
The second drive circuit is configured to drive the second
switching transistor to be turned on or turned off. The
second switching transistor is connected in series to the
coil.

[0019] Ina possible implementation, the turning off the
isolating switch includes: controlling the second drive
circuit to output a low-level signal. The second switching
transistor is turned off, and the coil in the isolating switch
does not generate the magnetic field, to turn off the
isolating switch. The second drive circuit is configured
to drive the second switching transistor to be turned on or
turned off. The second switching transistor is connected
in series to the coil.

[0020] Forany technical effect that may be achieved in
the second aspect, refer to descriptions of technical
effects that can be achieved in any possible implementa-
tion of the first aspect. Details are not described herein
again.

[0021] According to a third aspect, a photovoltaic en-
ergy storage systemis provided. The photovoltaic energy
storage system includes a power converter and the en-
ergy storage system according to any one of the first
aspect. The power converter is configured to convert a
direct current from the energy storage system into an
alternating current, and then send the alternating current
to a power grid; or the power converter is configured to
convert an alternating current from a power grid into a
direct current, to charge the energy storage system.
[0022] For any technical effect that may be achieved in
the third aspect, refer to descriptions of technical effects
that can be achieved in any possible implementation of
the first aspect. Details are not described herein again.

BRIEF DESCRIPTION OF DRAWINGS
[0023]

FIG. 1 is a diagram of a scenario applicable to this
application;

FIG. 2 is a diagram of a battery pack;
FIG. 3 to FIG. 14 are schematics of energy storage
systems according to embodiments of this applica-
tion; and
FIG. 15is adiagram of a heating control method for a
battery pack according to an embodiment of this
application.

DESCRIPTION OF EMBODIMENTS

[0024] The following describes technical solutions of
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this application with reference to the accompanying
drawings.

[0025] For ease of understanding, the following first
briefly describes terms used in this application.

[0026] Parasitic capacitance: an unintentional capaci-
tance phenomenon existing in a circuit. The parasitic
capacitance is generated due to close proximity between
wires, conductors, and electronic components. As a re-
sult, electric charges accumulate between different ele-
ments, to form capacitance effect.

[0027] FIG. 1 is a diagram of a possible scenario
applicable to this application. Refer to FIG. 1. A photo-
voltaic module converts solar energy into a direct current
based on photovoltaic effect, and a power conversion
system converts the direct current into an alternating
current and then sends the alternating current to a power
grid. Alternatively, the power conversion system may
convert a direct current from an energy storage battery
into an alternating current, and then send the alternating
current to the power grid. Alternatively, the power con-
version system may convert an alternating current from
the power grid into a direct current, to charge the energy
storage battery. An energy storage system includes a
battery control unit (battery control unit, BCU) and a
battery pack.

[0028] FIG.2isadiagram ofabattery pack. The battery
pack includes an electrochemical cell, a heating film, and
a battery management system (battery management
system, BMS). A battery management unit (battery man-
agement unit, BMU) in the BMS is configured to control
charging and discharging of the electrochemical cell. The
BMU may further detect a temperature of the electro-
chemical cell. In a charging process of the electroche-
mical cell, if the temperature of the electrochemical cell is
excessively low, the BMU may control the heating film to
heat the electrochemical cell, to improve charging effi-
ciency and ensure battery safety.

[0029] An operating principle of the heating film is to
convert electric energy into thermal energy based on
electrothermal effect, to heat the electrochemical cell.
The electric energy comes from a voltage between a
positive direct current bus and a negative direct current
bus of an energy storage system. In most existing heating
solutions, the heating film and a switching transistor are
used for control. A controller controls the switching tran-
sistor to be directly turned on, so that the heating film
operates to heat a battery. However, the heating film has
rated heating power, and voltage fluctuation between the
positive direct current bus and the negative direct current
bus affects operating power of the heating film. Especially
when the voltage between the positive direct current bus
and the negative direct current bus increases, the oper-
ating power of the heating film is excessively high. As a
result, the heating film is damaged.

[0030] Based on this, this application provides an en-
ergy storage system. A duty cycle of a pulse signal is
controlled, so that operating power of a heating film can
be controlled, to avoid excessively high operating power
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of the heating film and reduce a risk of damage to the
heating film.

[0031] FIG. 3 is a schematic of an energy storage
system according to an embodiment of this application.
The energy storage system includes one or more battery
packs 320 and a controller 310. The battery pack 320
includes an electrochemical cell 321, a heating film 322, a
first switching transistor 323, and a first drive circuit 324.
The heating film 322 is configured to heat the electro-
chemical cell 321.

[0032] The heating film 322 and the first switching
transistor 323 are connected in series, and then con-
nected in parallel between a positive direct current bus
and a negative direct current bus.

[0033] The first drive circuit 324 is configured to output
a pulse signal, to drive the first switching transistor 323 to
be turned on and turned off.

[0034] The first switching transistor 323 in this embodi-
ment of this application may be specifically a triode or a
metal-oxide-semiconductor field-effect transistor (metal-
oxide-semiconductor field-effect transistor, MOSFET), or
may be an insulated gate bipolar transistor (insulated
gate bipolar transistor, IGBT) or a gallium nitride (gallium
nitride, GaN) high electron mobility transistor (high elec-
tron mobility transistor, HEMT), or the like.

[0035] In this embodiment of this application, the first
drive circuit 324 outputs the pulse signal. That is, in each
periodicity corresponding to the pulse signal, the first
switching transistor is in an on state in some duration,
and is in an off state in the other duration. When the first
switching transistor is turned on, a voltage between the
positive direct current bus and the negative direct current
bus is applied to the heating film, and the heating film
starts to operate, that s, the heating film starts to heat the
electrochemical cell. When the first switching transistor is
turned off, a voltage between the positive direct current
bus and the negative direct current bus is not applied to
the heating film, and the heating film stops operating, that
is, the heating film stops heating the electrochemical cell.
[0036] The controller 310 is configured to: if the voltage
between the positive direct current bus and the negative
direct current bus is greater than a voltage threshold,
reduce a duty cycle of the pulse signal, to reduce operat-
ing power of the heating film 322. The controller 310 is
further configured to: if the voltage between the positive
direct current bus and the negative direct current bus is
less than or equal to a voltage threshold, increase a duty
cycle of the pulse signal, to increase operating power of
the heating film 322.

[0037] Usually, the heating film has corresponding
rated power. When the voltage between the positive
direct current bus and the negative direct current bus
is greater than the voltage threshold, the operating power
of the heating film is greater than the rated power of the
heating film. If the heating film heats the electrochemical
cell at this operating power, the heating film is damaged.
When the voltage between the positive direct current bus
and the negative direct current bus is less than or equal to
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the voltage threshold, the operating power of the heating
film may be less than the rated power of the heating film. If
the heating film heats the electrochemical cell at this
operating power, heating efficiency is reduced. There-
fore, in this embodiment of this application, the duty cycle
of the pulse signal of the first drive circuit is controlled to
control a status of the first switching transistor, so as to
control the operating power of the heating film.

[0038] Specifically, if the voltage between the positive
direct current bus and the negative direct current bus is
greater than the voltage threshold, the controller controls
toreduce the duty cycle of the pulse signal. When the duty
cycle of the pulse signal decreases, it indicates that the
duration in which the first switching transistor is turned on
in each periodicity decreases, so that the operating
power of the heating film can be reduced. if the voltage
between the positive direct current bus and the negative
direct current bus is less than or equal to the voltage
threshold, the controller controls to increase the duty
cycle of the pulse signal. When the duty cycle of the
pulse signal increases, it indicates that the duration in
which the first switching transistor is turned on in each
periodicity increases, so that the operating power of the
heating film can be increased.

[0039] In this embodiment of this application, to avoid
excessively high operating power of the heating film, the
controller may control average operating power output by
the heating film in each periodicity to be less than the
rated power of the heating film.

[0040] Inthis embodiment of this application, the aver-
age operating power output by the heating film in each
periodicity may be expressed as:

UxU t
= %

(2243

R T

W

[0041] Wisthe average operating power of the heating
film in each periodicity. U is the voltage between the
positive direct current bus and the negative direct current
bus. Ris aresistance value of the heating film. {, is the
duration in which the first switching transistor is turned on.
T is the periodicity corresponding to the pulse signal.

[0042] Forexample, the rated power of the heating film
is 10 kW. It is assumed that the voltage between the
positive direct current bus and the negative direct current
busis 360V, and the operating power of the heating film is
15 kW. If the heating film continuously heats the electro-
chemical cell at the operating power of 15 kW, because
the heating film heats the electrochemical cell at the
operating power greater than the rated power of the
heating film for long time, the heating film may be da-
maged. Therefore, the duty cycle of the pulse signal may
be controlled, so that the operating power of the heating
film is reduced. For example, the duty cycle may be
controlled to be 0.6. In this case, the average operating
power of the heating film for heating the electrochemical
cellin each periodicity is 9 kW, which is less than the rated
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power of the heating film.

[0043] When the voltage between the positive direct
current bus and the negative direct current bus in-
creases, the operating power of the heating film changes
to 18 kW. In this case, the duty cycle of the pulse signal
output by the first drive circuit may be reduced. For
example, the duty cycle may be adjusted from 0.6 to
0.5. In this case, the average power of the heating film
for heating the electrochemical cellin each periodicity is 9
kW, thatis, is still less than the rated power of the heating
film, so that a risk of damage to the heating film can be
reduced.

[0044] When the voltage between the positive direct
current bus and the negative direct current bus de-
creases, the operating power of the heating film changes
to 7 kW. In this case, the duty cycle of the pulse signal
output by the first drive circuit may be increased. For
example, the duty cycle may be adjusted from 0.6 to 1.0.
In this case, the average power of the heating film for
heating the electrochemical cell in each periodicity is 7
kW. Although the duty cycle is adjusted to 1, that is, the
heating film continuously heats the electrochemical cell
at the operating power of 7 kW, the heating film is not
damaged, and a requirement for battery temperature
raising can be further met to a greatest extent.

[0045] Itshould be noted thatthe controller controls the
average operating power output by the heating film in
each periodicity to be less than the rated power of the
heating film, so that safety of the heating film can be
ensured. In some embodiments, the average operating
power output by the heating film in each periodicity may
not be limited to being less than the rated power of the
heating film. For example, an average operating power
output by the heating film in one periodicity is slightly
greater than the rated power of the heating film, and an
average operating power output by the heating film in
another periodicity is less than the rated power of the
heating film.

[0046] In addition, the solution in this embodiment of
this application may match heating films of different
specifications. This is because the signal output by the
first drive circuit in this embodiment of this application is a
pulse signal, and heating films of different specifications
can be used through adjustment of the duty cycle of the
pulse signal.

[0047] For example, as described above, rated power
of a heating film is 10 kW. When the voltage between the
positive direct current bus and the negative direct current
bus is 360V, and operating power of the heating filmis 15
kW, the duty cycle of the pulse signal may be setto 0.6. In
this case, average operating power of the heating film for
heating the electrochemical cell in each periodicity is 9
kW, which is less than the rated power 10 kW of the
heating film.

[0048] For another example, when rated power of a
heating film is 7 kW, and operating power of the heating
filmis still 15 kW, the duty cycle of the pulse signal may be
setto 0.4. In this case, average power of the heating film
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for heating the electrochemical cell in each periodicity is 6
kW, which is less than the rated power 7 kW of the heating
film.

[0049] Inthis embodiment of this application, the signal
output by the first drive circuit is a pulse signal. Therefore,
evenifthe voltage between the positive direct currentbus
and the negative direct current bus changes, the duty
cycle of the pulse signal output by the first drive circuit can
be set to control the operating power of the heating film,
so that excessively high operating power of the heating
film can be avoided, and the risk of damage to the heating
film can be reduced. In addition, because the signal
output by the first drive circuit is a pulse signal, the duty
cycle of the pulse signal output by the first drive circuit can
be set to adapt to heating films of different specifications,
to implement multi-scenario application.

[0050] In addition, in this embodiment of this applica-
tion, because the duty cycle of the pulse signal output by
thefirstdrive circuitis adjustable, a power requirement for
heating the electrochemical cell by the heating film can be
met through adjustment of the duty cycle of the pulse
signal, and there is no need to add an additional voltage
conversion circuit to adapt to the power requirement.
Therefore, this embodiment of this application is easy
to implement and has low costs.

[0051] As described above, the first switching transis-
tor and the heating film are connected in series, and then
connected in parallel between the positive direct current
bus and the negative direct current bus. The voltage
between the positive direct current bus and the negative
direct current bus may fluctuate. As a result, a current
flowing through the heating film changes. Therefore, the
controller may alternatively control the duty cycle of the
pulse signal based on the current flowing through the
heating film. For specific content, refer to the following.
[0052] In an embodiment, in an operating process of
the heating film, the controller is further configured to: if
the current flowing through the heating film is greater than
acurrentthreshold, reduce the duty cycle; or if the current
flowing through the heating film is less than or equal to a
current threshold, increase the duty cycle.

[0053] Inthis embodiment of this application, when the
voltage between the positive direct current bus and the
negative direct current bus increases, the current flowing
through the heating film increases, and may exceed a
rated current (namely, the current threshold) of the heat-
ing film, which causes damage to the heating film. When
the voltage between the positive direct current bus and
the negative direct current bus decreases, the current
flowing through the heating film decreases, which cannot
meet the requirement for battery temperature raising.
Therefore, when the current flowing through the heating
film changes, the controller may adjust, based on the
current change, the duty cycle of the pulse signal output
by the first drive circuit, to control an operating current of
the heating film, avoid an excessively large operating
current of the heating film, and meet the requirement for
battery temperature raising.
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[0054] In the foregoing example, the rated current of
the heating film is 30 A. It is assumed that the voltage
between the positive direct current bus and the negative
direct current bus is 360 V, the operating power of the
heating film is 15 kW, and the operating current of the
heating film is 41.67 A. If the heating film continuously
heats the electrochemical cell at the operating current of
41.67 A, the heating film may be damaged. Therefore, the
duty cycle of the pulse signal may be controlled. For
example, the duty cycle may be controlled to be 0.6. In
this case, an average operating current of the heating film
for heating the electrochemical cell in each periodicity is
25 A, which is less than the rated current of the heating
film.

[0055] When the voltage between the positive direct
current bus and the negative direct current bus in-
creases, the operating power of the heating film changes
to 18 kW, and the operating current of the heating film
changes to 50 A. In this case, the duty cycle of the pulse
signal output by the first drive circuit may be reduced. For
example, the duty cycle may be adjusted from 0.6 to 0.5.
In this case, the average operating current of the heating
film for heating the electrochemical cell in each periodi-
city is 25 A, thatis, is still less than the rated current of the
heating film, so that the risk of damage to the heating film
can be reduced.

[0056] When the voltage between the positive direct
current bus and the negative direct current bus de-
creases, the operating power of the heating film changes
to 7 kW. In this case, the duty cycle of the pulse signal
output by the first drive circuit may be increased. For
example, the duty cycle may be adjusted from 0.6 to 1.0.
In this case, the average operating current of the heating
film for heating the electrochemical cell in each periodi-
city is 19.45 A. Although the duty cycle is adjusted to 1,
that is, the heating film continuously heats the electro-
chemical cell at the operating current of 19.45 A, the
heating film is not damaged, and the requirement for
battery temperature raising can be further met to a great-
est extent.

[0057] The following uses an example in which the first
switching transistor is a triode for description. FIG. 4 is a
schematic of another energy storage system according
to an embodiment of this application.

[0058] Refer to FIG. 4. A base of a first switching
transistor Q1 is connected to a first drive circuit, an
emitter of the first switching transistor Q1 is connected
to a negative direct current bus, and a collector of the first
switching transistor Q1 is connected to a positive direct
current bus.

[0059] Inthis embodiment of this application, when the
first drive circuit outputs a high level, the first switching
transistor Q1 is turned on, a voltage between the positive
direct current bus and the negative direct current bus is
applied to a heating film, and the heating film starts to
operate, that is, the heating film starts to heat an electro-
chemical cell. When the first drive circuit outputs a low
level, the first switching transistor Q1 is turned off, a
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voltage between the positive direct current bus and the
negative direct currentbus is not applied to a heating film,
and the heating film stops operating, that is, the heating
film stops heating an electrochemical cell. A duty cycle of
a pulse signal output by the first drive circuit can be set to
control operating power of the heating film, so that ex-
cessively high operating power of the heating film can be
avoided, and a risk of damage to the heating film can be
reduced.

[0060] FIG. 5 is a schematic of still another energy
storage system according to an embodiment of this ap-
plication.

[0061] In an embodiment, a resistor R1 is further con-
nected in series between a first drive circuit and a base of
a first switching transistor Q1.

[0062] Inthis embodiment of this application, a voltage
of a drive signal output by the first drive circuit is high. If
there is no resistor R1, the first switching transistor Q1
may be damaged. For example, it is assumed that the
voltage corresponding to the drive signal output by the
firstdrive circuitis 12 V. If there is no resistor R1, a current
corresponding to the 12 V voltage is input to the base of
the first switching transistor Q1, and the current may be
greater than a limiting current that can be borne by the
base of the first switching transistor Q1, which causes
damage to the first switching transistor Q1.

[0063] However, inthis embodiment of this application,
because the first drive circuit is connected to the base of
the first switching transistor Q1 through the resistor R1,
the current corresponding to the voltage output by the first
drive circuit flows into the base of the first switching
transistor Q1 through the resistor R1. A resistance value
of a loop in which the first drive circuit drives the Q1
through the resistor R1 increases, so that a base current
flowing into the first switching transistor Q1 can be re-
duced, and damage to the first switching transistor Q1
can be avoided.

[0064] For example, a turn-on voltage of the first
switching transistor Q1 is still 3.4 V. It is assumed that
a voltage corresponding to a high-level signal output by
the first drive circuit is 12 V. If a resistance value of the
resistor R1 is sufficiently large, the resistor R1 may re-
duce the base current flowing into the first switching
transistor Q1 to be less than the limiting current that
can be borne by the base of the first switching transistor
Q1. For example, it is assumed that the limiting current
that can be borne by the base of the first switching
transistor Q1 is 5 mA. When the resistance value of
the resistor R1 is sufficiently large, for example, 1000
Q, the base current flowing into the first switching tran-
sistor Q1 may be reduced, for example, reduced to 4 mA,
which is less than the limiting current that can be borne by
the base of the first switching transistor Q1, so that
damage to the first switching transistor Q1 can be
avoided.

[0065] In this embodiment of this application, because
the resistor is connected in series between the first drive
circuit and the base of the first switching transistor, im-
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pedance of the loop in which the first drive circuit drives
the first switching transistor through the resistor in-
creases. Therefore, the current flowing into the base of
the first switching transistor can be reduced, so that
damage to the first switching transistor can be avoided.
[0066] Inanembodiment, aconnection point of the first
drive circuit and the first switching transistor is connected
to a reference ground through a resistor R2.

[0067] In this embodiment of this application, parasitic
capacitance may exist in the first switching transistor Q1,
and existence of the parasitic capacitance causes a
transmission delay of the signal. When the parasitic
capacitance of the first switching transistor Q1 is large,
rise time and fall time of the signal increase, which affects
a response speed of the first switching transistor. Spe-
cifically, if there is no resistor R2, when the first drive
circuit outputs a high-level signal, a turn-on speed of the
first switching transistor is affected; or when the first drive
circuit outputs a low-level signal, a turn-off speed of the
first switching transistor is affected.

[0068] In this embodiment of this application, because
the resistor R2 is designed, and the base of the first
switching transistor Q1 is connected to the reference
ground through the resistor R2, energy on the parasitic
capacitance may be discharged through the resistor R2,
so that a turn-on or turn-off speed of the first switching
transistor caused by the parasitic capacitance can be
reduced.

[0069] In addition, the resistor R2 may also play a role
of reliably turning off the first switching transistor Q1.
Specifically, when the first drive circuit outputs the low-
level signal, the first switching transistor Q1 is turned off.
However, because the voltage output by the first drive
circuit is transmitted to the base of the first switching
transistor Q1 through a line on a printed circuit board
(printed circuit board, PCB), coupling interference oc-
curs, which causes incorrect turn-on of the first switching
transistor Q1. In this embodiment of this application,
because the resistor R2 is designed, and the other end
of the resistor R2 is connected to the reference ground, a
base voltage of the first switching transistor Q1 can be
pulled down, and reliable turn-off of the first switching
transistor Q1 can be ensured.

[0070] The PCB in this embodiment of this application
may be designed on a BMS board shown in FIG. 2.
[0071] FIG. 6 is a schematic of yet another energy
storage system according to an embodiment of this ap-
plication.

[0072] In an embodiment, a connection point of a re-
sistor R1 and a first switching transistor Q1 is connected
to one end of a capacitor C1, and the other end of the
capacitor C1 is connected to a reference ground.
[0073] In this embodiment of this application, a first
drive circuit outputs a pulse signal. Because a voltage
output by the first drive circuit is transmitted to a base of
the first switching transistor Q1 through a line on a PCB,
coupling interference occurs, which causes a misopera-
tion of the first switching transistor Q1. The resistor R1
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and the capacitor C1 in this embodiment of this applica-
tion may filter out interference, so that the pulse signal
input to the base of the first switching transistor is a
smooth pulse signal, and the misoperation of the first
switching transistor caused by interference can be
avoided.

[0074] The following further describes a process of
detecting a safety status of a first switching transistor.
[0075] In an embodiment, as shown in FIG. 7, an
energy storage system includes a current detection cir-
cuit 330 and anisolating circuit 340. The current detection
circuit 330 is configured to detect a current flowing
through the first switching transistor. The isolating circuit
340 includes an isolating switch 341. The current detec-
tion circuit 330, the isolating switch 341, a heating film
322, and the first switching transistor 323 are connected
in series, and then connected in parallel between a
positive direct current bus and a negative direct current
bus.

[0076] Before the heating film operates, a controller
310 is configured to:

first turn on the isolating switch, and if the current
flowing through the first switching transistor is not
zero, then turn off the isolating switch; or
first turn on the isolating switch, and if the current
flowing through the first switching transistor is zero,
then turn on the first switching transistor.

[0077] Inthis embodiment of this application, because
the current detection circuit 330 is connected in series to
the first switching transistor, the current detection circuit
330 may detect the current flowing through the first
switching transistor. Before the heating film operates,
the first switching transistor is in an off state. After the
isolating switch is turned on, because the first switching
transistor is in the off state, if the first switching transistor
is normal, the current flowing through the first switching
transistor should be zero; or if the first switching transistor
is abnormal, the current flowing through the first switch-
ing transistor should not be zero.

[0078] After the isolating switch is turned on, when the
current detection circuit 330 detects that the current
flowing through the first switching transistor is not zero,
itindicates that the first switching transistor is faulty. If the
first switching transistor is forcibly turned on, damage to
the first switching transistor may be further aggravated;
and more seriously, the heating film may be damaged.
Therefore, in this case, the first switching transistor can-
not be turned on. The controller may turn off the isolating
switch 341. After the isolating switch is turned off, it is
equivalent to that a fault current caused by a fault of the
first switching transistor is cut off, to facilitate subsequent
maintenance or replacement of the first switching tran-
sistor. After the isolating switch is turned on, when the
current detection circuit 330 detects that the current
flowing through the first switching transistor is zero, it
indicates that the first switching transistor is not faulty. In
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this case, the controller may turn on the first switching
transistor, so that the heating film can heat an electro-
chemical cell. In this manner, the safety status of the first
switching transistor can be pre-detected, so that the
heating film can safely and reliably heat the electroche-
mical cell, and damage to the heating film can be avoided.
[0079] In an embodiment, as shown in FIG. 8, the
isolating circuit 340 further includes a second drive circuit
342 and a second switching transistor 343. The second
drive circuit 342 is configured to drive the second switch-
ing transistor 343 to be turned on or turned off. The
second switching transistor 343 is connected in series
to a coil of the isolating switch 341.

[0080] The second switching transistor 343 is turned
on, the coil generates a magnetic field, and the isolating
switch 341 is turned on; or

the second switching transistor 343 is turned off, the coll
does not generate a magnetic field, and the isolating
switch 341 is turned off.

[0081] The isolating switch in this embodiment of this
application may be a relay, a circuit breaker, or the like.
The following uses an example in which the isolating
switch is a relay for description. In FIG. 8, one end of a
coil of the relay is connected to a voltage source, and the
other end of the coil of the relay is connected to the
second switching transistor Q2.

[0082] Refer to FIG. 8. The second drive circuit is
configured to drive the second switching transistor Q2
to be turned on or turned off, to turn on or turn off the relay.
Specifically, when the second drive circuit outputs a high
level, the second switching transistor Q2 is turned on, so
thataloop in which the voltage source is connected to the
relay is connected. After the coil of the relay is energized,
the coil that flows through the relay generates a magnetic
field. The magnetic field adsorbs an armature to act, so
that a contact of the relay is closed. In this way, a voltage
between the positive direct current bus and the negative
direct current bus is applied to the heating film, and the
heating film starts to operate. In this case, the heating film
starts to heat the electrochemical cell.

[0083] When the second drive circuit outputs a low
level, the second switching transistor Q2 is turned off,
so that aloop in which the voltage source is connected to
the relay is disconnected. No current flows through the
coil of the relay, and the coil of the relay does not generate
a magnetic field, so that a contact of the relay is opened.
In this way, a voltage between the positive direct current
bus and the negative direct current bus is not applied to
the heating film, and the heating film stops operating. In
this case, the heating film stops heating the electroche-
mical cell.

[0084] Inconclusion, when the current detection circuit
detects that the current flowing through the first switching
transistor is not zero, it indicates that the first switching
transistor is faulty, and the first switching transistor can-
not be turned on. In this case, the controller controls the
second drive circuit to output the low level, to turn off the
isolating switch. When the current detection circuit de-
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tects that the current flowing through the first switching
transistor is zero, it indicates that the first switching
transistor is not faulty. In this case, the controller controls
the second drive circuit to output the high level, to turn on
the isolating switch. Especially when the isolating switch
is turned off, because the isolating circuit includes the
isolating switch, physical isolation can be implemented,
so that isolation reliability can be improved.

[0085] FIG. 9 is a schematic of yet another energy
storage system according to an embodiment of this ap-
plication.

[0086] In an embodiment, a resistor R3 is further con-
nected in series between a second drive circuit and a
base of a second switching transistor.

[0087] Inthis embodiment of this application, a voltage
of a drive signal output by the second drive circuit is high.
If there is no resistor R3, the second switching transistor
Q2 may be damaged. For example, itis assumed that the
voltage corresponding to the drive signal output by the
second drive circuit is 12 V. If there is no resistor R3, a
current corresponding to the 12 V voltage is input to the
base of the second switching transistor Q2, and the
current may be greater than a limiting current that can
be borne by the base of the second switching transistor
Q2, which causes damage to the second switching tran-
sistor Q2.

[0088] However, inthis embodiment of this application,
because the second drive circuit is connected to the base
of the second switching transistor Q2 through the resistor
R3, the current corresponding to the voltage output by the
second drive circuit flows into the base of the second
switching transistor Q2 through the resistor R3. A resis-
tance value of a loop in which the first drive circuit drives
the Q2 through the resistor R3 increases, so that a base
current flowinginto the first switching transistor Q2 can be
reduced, and damage to the second switching transistor
Q2 can be avoided.

[0089] For example, a turn-on voltage of the second
switching transistor Q2 is still 3.4 V. It is assumed that a
voltage corresponding to a high-level signal output by the
second drive circuit is 12 V. If a resistance value of the
resistor R3 is sufficiently large, the resistor R3 may re-
duce the base current flowing into the second switching
transistor Q2 to be less than the limiting current that can
be borne by the base of the second switching transistor
Q2. For example, it is assumed that the limiting current
that can be borne by the base of the second switching
transistor Q2 is 5 mA. When the resistance value of the
resistor R3 is sufficiently large, for example, 1000 Q, the
base current flowing into the second switching transistor
Q2 may be reduced, for example, reduced to 4 mA, which
is less than the limiting current that can be borne by the
base of the second switching transistor Q2, so that da-
mage to the second switching transistor Q2 can be
avoided.

[0090] In this embodiment of this application, because
theresistor R3is connected in series between the second
drive circuit and the base of the second switching tran-
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sistor, impedance of the loop in which the second drive
circuit drives the second switching transistor through the
resistor R3 increases. Therefore, the current flowing into
the base of the second switching transistor can be re-
duced, so that damage to the second switching transistor
can be avoided.

[0091] In an embodiment, a connection point of the
second drive circuit and the second switching transistor
Q2 is connected to a reference ground through a resistor
R4.

[0092] In this embodiment of this application, parasitic
capacitance may exist in the second switching transistor
Q2, and existence of the parasitic capacitance causes a
transmission delay of the signal. When the parasitic
capacitance of the second switching transistor Q2 is
large, rise time and fall time of the signal increase, which
affects a response speed of the second switching tran-
sistor Q2. Specifically, if there is no resistor R4, when the
second drive circuit outputs a high-level signal, a turn-on
speed of the second switching transistor Q2 is affected;
or when the first drive circuit outputs a low-level signal, a
turn-off speed of the second switching transistor Q2 is
affected.

[0093] In this embodiment of this application, because
the resistor R4 is designed, and the base of the second
switching transistor Q2 is connected to the reference
ground through the resistor R4, energy on the parasitic
capacitance may be discharged through the resistor R4,
so that a turn-on or turn-off speed of the second switching
transistor Q2 caused by the parasitic capacitance can be
reduced.

[0094] In addition, the resistor R4 may also play a role
of reliably turning off the second switching transistor Q2.
Specifically, when the first drive circuit outputs the low-
level signal, the second switching transistor Q2 is turned
off. However, because the voltage output by the second
drive circuit is transmitted to the base of the second
switching transistor Q2 through a line on a PCB, coupling
interference occurs, which causes incorrect turn-on of
the second switching transistor Q2. In this embodiment of
this application, because the resistor R4 is designed, and
the other end of the resistor R4 is connected to the
reference ground, a base voltage of the second switching
transistor Q2 can be pulled down, and reliable turn-off of
the second switching transistor Q2 can be ensured.
[0095] FIG. 10 is a schematic of yet another energy
storage system according to an embodiment of this ap-
plication.

[0096] In an embodiment, an isolating switch is further
connected in parallel to a diode D1, and an anode of the
diode D1 is connected to a connection point of a collector
of a second switching transistor Q2 and the isolating
switch.

[0097] The diode D1 in this embodiment of this appli-
cation may provide a discharge loop for a coil of arelay. In
a normal case, the second switching transistor Q2 is
turned on, and a voltage source is turned on through a
loop formed by the isolating switch and the second
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switching transistor Q2. When the second switching
transistor Q2 is turned off, the isolating switch is turned
off, and the coil of the relay forms counter electromotive
force. Because the diode D1 is designed, a currenton the
coil of the relay may be discharged through the diode D1,
to reduce interference of the counter electromotive force
of the coil of the relay, and improve performance of the
isolating switch.

[0098] FIG. 11 is a schematic of yet another energy
storage system according to an embodiment of this ap-
plication.

[0099] In an embodiment, an isolating circuit further
includes a capacitor C1. One end of the capacitor C1 is
connected to a connection point of a voltage source and
an isolating switch, and the other end of the capacitor C1
is connected to a reference ground.

[0100] In this embodiment of this application, the vol-
tage source outputs a direct current, and a clutter may
exist in the direct current. The capacitor C1 may filter out
the clutterin a current point, so thatthe direct currentinput
by the voltage source to an isolating switching transistor
is a smooth direct current, and interference of the clutter
to turn-on or turn-off of the isolating switch can be re-
duced.

[0101] In an embodiment, the isolating circuit further
includes a capacitor C2. One end of the capacitor C2 is
connected to a connection point of a second drive circuit
and a second switching transistor, and the other end of
the capacitor C2 is connected to a reference ground.
[0102] In this embodiment of this application, the sec-
ond drive circuit outputs a high-level signal or a low-level
signal. Because a voltage output by the second drive
circuit is transmitted to a base of the second switching
transistor Q2 through a line on a PCB, coupling inter-
ference occurs, which causes a misoperation of the
second switching transistor Q2. A resistor R4 and the
capacitor C2 in this embodiment of this application may
filter out interference, so that the signal input to the base
of the second switching transistor is smooth, and the
misoperation of the second switching transistor caused
by interference can be avoided.

[0103] FIG. 12 is a schematic of yet another energy
storage system according to an embodiment of this ap-
plication.

[0104] In an embodiment, a current detection circuit
includes a first resistor R5 and an operational amplifier
CF. The first resistor R5 is connected in series to a first
switching transistor. A non-inverting input end of the
operational amplifier CF is connected to one end of the
first resistor R5, and an inverting input end of the opera-
tionalamplifier CF is connected to the other end of the first
resistor R5. An output end of the operational amplifier CF
is connected to a controller.

[0105] In this embodiment of this application, because
the non-inverting input end of the operational amplifier
CF and the inverting input end of the operational amplifier
CF are respectively connected to the two ends of the first
resistor R5, a voltage between the input ends of the
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operational amplifier CF is a voltage between the two
ends of the first resistor R5. A voltage at the output end of
the operational amplifier=K*Ugg, where K is a factor of
proportionality, and Ugs is the voltage between the two
ends of the first resistor R5.

[0106] Itis assumed that a rated current of a heating
filmis 30 A, a resistance value of the first resistor R5 is 5
Q, and the factor of proportionality of the operational
amplifier CF is 50. When a voltage between a positive
direct current bus and a negative direct current bus is 360
V, and operating power of the heating film is 15 kW, a
current flowing through the first resistor is 41.67 A, and
the voltage between the two ends of the first resistor R5 is
41.67*5=208.35 V. An amplified voltage, of the first re-
sistor RS, obtained by the controller is 10417.5 V The
controller deduces, based on the voltage value, that a
currentflowing through the heating filmis greater than the
rated current of the heating film. A duty cycle of a pulse
signal may be set. For example, the duty cycle may be set
to 0.6. In this case, an average operating current of the
heating film for heating an electrochemical cell in each
periodicity is 25 A, which is less than the rated current of
the heating film.

[0107] When the voltage between the positive direct
current bus and the negative direct current bus in-
creases, the operating power of the heating film changes
to 18 kW, and an operating current of the heating film
changes to 50 A. In this case, the amplified voltage, of the
firstresistor R5, obtained by the controlleris 12500 V, and
the controller deduces, based on the voltage value, that
the current flowing through the heating film is greater than
the rated current of the heating film. The controller may
further reduce the duty cycle of the pulse signal output by
afirst drive circuit, for example, may adjust the duty cycle
from 0.6t0 0.5. Inthis case, the average operating current
of the heating film for heating the electrochemical cell in
each periodicity is 25 A, that is, is still less than the rated
current of the heating film, so that a risk of damage to the
heating film can be reduced.

[0108] When the voltage between the positive direct
current bus and the negative direct current bus de-
creases, the operating power of the heating film changes
to 7 kW, and an operating current of the heating film
changes to 20 A. In this case, the amplified voltage, of
the first resistor R5, obtained by the controller is 5000 V,
and the controller deduces, based on the voltage value,
that the current flowing through the heating film is less
than the rated current. The controller may increase the
duty cycle of the pulse signal output by a first drive circuit,
for example, may adjust the duty cycle from 0.6 to 1.0. In
this case, the average operating current of the heating
film for heating the electrochemical cell in each periodi-
city is 20 A. Although the duty cycle is adjusted to 1, that
is, the heating film continuously heats the electrochemi-
cal cell at the operating current of 20 A, the heating film is
not damaged, and a requirement for battery temperature
raising can be further met to a greatest extent.

[0109] Although the operational amplifier CF may am-
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plify the voltage between the two ends of the first resistor
R5, an excessively large amplification factor of the op-
erational amplifier CF may affect sampling precision.
Therefore, as shown in FIG. 13, in an embodiment, a
resistor Rf is further connected in series between the
inverting input end of the operational amplifier and the
output end of the operational amplifier.

[0110] As described above, the voltage at the output
end of the operational amplifier=K*Ur. If there is no
resistor Rf, the factor of proportionality of the operational
amplifier may be tens of thousands, for example,
K=10000. When Ug;=4 V, the voltage at the output
end of the operational amplifier is 40000 V. Especially
when the operational amplifier has an offset voltage, an
excessively large factor of proportionality affects sam-
pling precision of the operational amplifier. For example,
when Urs=4 V, the offset voltage of the operational
amplifier is 0.1 V. Due to existence of the offset voltage
of the operational amplifier, the voltage input by the input
ends of the operational amplifier may be 4.1V, and the
voltage output by the output end of the operational am-
plifier is 41000 V. This is different from a case in which
there is no offset voltage in that the voltage output by the
output end of the operational amplifier is 1000 V more,
which results in inaccurate sampling.

[0111] In this embodiment of this application, because
the resistor Rf is designed, a resistance value of the
resistor Rfis adjusted, so that the factor of proportionality
of the operational amplifier can be adjusted, for example,
K=50. When Ur,;=4V, the voltage at the output end of the
operational amplifier is 200 V. Even if there is the offset
voltage, for example, the voltage input by the input end of
the operational amplifieris 4.1V, the voltage output by the
output end of the operational amplifier is 205 V. This is
different from a case in which there is no offset voltage in
that the voltage output by the output end of the opera-
tional amplifieris 5V more. In this way, a voltage deviation
caused by the offset voltage of the operational amplifier
can be reduced, and sampling precision can be im-
proved.

[0112] In an embodiment, as shown in FIG. 14, a
second resistor R6 is further connected in series between
the output end of the operational amplifier CF and the
controller.

[0113] In this embodiment of this application, when the
output end of the operational amplifier is short-circuited to
a positive supply rail or the output end of the operational
amplifier is short-circuited to a negative supply rail, a
voltage flowing into a pin of the controller is large, which
causes damage to the controller. Therefore, a second
resistor R6 may be connected between the output end of
the operational amplifier CF and the controller, and the
second resistor R6 may reduce the pin voltage flowing
into the controller, so that a risk of damage to the pin of the
controller can be reduced.

[0114] In an embodiment, the current detection circuit
further includes two diodes D2 and D3 and a voltage
source.
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[0115] An anode of one diode D2 of the diodes is
connected to a connection point of the second resistor
R6 and the controller, and a cathode of the diode D2 of the
diodes is connected to the voltage source. A cathode of
the other diode D3 is connected to the connection point of
the second resistor R6 and the controller,and an anode of
the other diode D3 is connected to a reference ground.
[0116] In this embodiment of this application, a main
function of the two diodes D2 and D3 is to avoid an
excessively high pin voltage of the controller, so that
the risk of damage to the pin of the controller is reduced.
Specifically, for example, =5 V dual power supplies
supply power to the operational amplifier, and a voltage
output by the voltage source is 3.3 V. When the output
end of the operational amplifier is short-circuited to the
positive supply rail, the output end of the operational
amplifier outputs a voltage of 5 V. Because the voltage
ofthe voltage sourceis 3.3V, the diode D2 is conducted. If
there is no resistor R6, a voltage at a pointamaybe 5V,
and a voltage range that can be borne by the pin of the
controlleris usually-0.3 V10 3.6 V. The pin voltage input to
the controller is greater than a voltage that can be borne
by the pin of the controller, which is prone to causing
damage to the pin of the controller. However, in this
embodiment of this application, because the resistor
R6 is designed, assuming that a resistance value of
the resistor R6 is 2000 S2, a current If flowing through
the resistor R6=(5-3.3)/2000=0.85 mA. The pin voltage
input to the controller=3.3 V+Up,. Based on a current
forward characteristic of the diode, the voltage and the
current are approximately in a linear relationship. Be-
cause If decreases, Up, decreases. For example, a
voltage corresponding to 0.85 mA is 0.1 V. In this case,
the pin voltage input to the controller=3.3 V+Up,=3.4 V,
which is less than the voltage that can be borne by the pin
of the controller. In this way, the risk of damage to the pin
of the controller can be reduced.

[0117] Whenthe outputend of the operational amplifier
is short-circuited to the negative supply rail, the output
end of the operational amplifier outputs a voltage of -5 V.
Because the anode of the diode D3 is connected to the
reference ground, the diode D3 is conducted. If there is
no resistor R6, a voltage at a point a is -5 V, and the pin
voltage input to the controlleris also -5 V. A voltage range
that can be borne by the pin of the controller is usually -
0.3 V to 3.6 V. The pin voltage input to the controller is
greater than a voltage that can be borne by the pin of the
controller, which is prone to causing damage to the pin of
the controller. However, in this embodiment of this appli-
cation, because the resistor R6 is designed, assuming
that a resistance value of the resistor R6 is 2000 S2, a
current If flowing through the resistor R6=5/2000=2.5
mA. The pin voltage input to the controller is Up3. Based
on a current forward characteristic of the diode, the
voltage and the current are approximately in a linear
relationship. Because If decreases, Up; decreases.
For example, a voltage corresponding to 2.5 mA is 0.3
V. Inthis case, the pin voltage input to the controlleris-0.3
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V, which is less than the voltage that can be borne by the
pin of the controller. In this way, the risk of damage to the
pin of the controller can be reduced.

[0118] As shown in FIG. 15, this application further
provides a heating control method for a battery pack.
The method includes steps 1510 to 1520.

[0119] 1510: If a voltage between a positive direct
current bus and a negative direct current bus is greater
than a voltage threshold, reduce a duty cycle of a first
switching transistor, to reduce operating power of a heat-
ing film.

[0120] 1520: If the voltage between the positive direct
current bus and the negative direct current bus is less
than or equal to the voltage threshold, increase the duty
cycle of the first switching transistor, to increase the
operating power of the heating film.

[0121] The first switching transistor and the heating
film are connected in series, and then connected in
parallel between the positive direct current bus and the
negative direct current bus. The heating filmis configured
to heat an electrochemical cell of the battery pack.
[0122] In an embodiment, before the heating film op-
erates, the method further includes: first turning on an
isolating switch, and if a current flowing through the first
switching transistor is not zero, then turning off the iso-
lating switch; orfirstturning on anisolating switch, andifa
current flowing through the first switching transistor is
zero, then turning on the first switching transistor. The
isolating switch is connected in series to the first switch-
ing transistor.

[0123] In an embodiment, the turning on an isolating
switch includes: controlling a second drive circuit to out-
put a high-level signal. A second switching transistor is
turned on, and a coil in the isolating switch generates a
magneticfield, to turn on the isolating switch. The second
drive circuit is configured to drive the second switching
transistor to be turned on or turned off. The second
switching transistor is connected in series to the coil.
[0124] In an embodiment, the turning off the isolating
switch includes: controlling the second drive circuit to
output alow-level signal. The second switching transistor
is turned off, and the coil in the isolating switch does not
generate the magnetic field, to turn off the isolating
switch. The second drive circuit is configured to drive
the second switching transistor to be turned on or turned
off. The second switching transistor is connected in ser-
ies to the coil.

[0125] For specific content of the control method for the
battery pack, refer to related content in the foregoing
embodiments. Details are not described again.

[0126] In addition, this application further provides a
photovoltaic energy storage system. The photovoltaic
energy storage system includes a power converter and
the energy storage system in any one of the foregoing
embodiments. The power converter is configured to con-
vert a direct current from the energy storage system into
an alternating current, and then send the alternating
current to a power grid; or the power converter is config-
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ured to convert an alternating current from a power grid
into a direct current, to charge the energy storage system.
[0127] For content of the energy storage system in the
photovoltaic energy storage system, refer to related con-
tent in the foregoing embodiments. Details are not de-
scribed again.

[0128] The foregoing descriptions are merely specific
implementations of this application, but are not intended
to limit the protection scope of this application. Any
variation or replacement readily figured out by a person
skilled in the art within the technical scope disclosed in
this application shall fall within the protection scope of this
application. Therefore, the protection scope of this ap-
plication shall be subject to the protection scope of the
claims.

Claims

1. An energy storage system, comprising a positive
direct current bus, a negative direct current bus,
one or more battery packs, and a controller, wherein
the battery pack comprises an electrochemical cell, a
heating film, a first switching transistor, and a first
drive circuit, and the heating film is configured to heat
the electrochemical cell;

the heating film and the first switching transistor
are connected in series, and then connected
between the positive direct current bus and
the negative direct current bus;

the first drive circuit is configured to output a
pulse signal, to drive the first switching transistor
to be turned on and turned off; and

the controller is configured to:

if a voltage between the positive direct cur-
rent bus and the negative direct current bus
is greater than a voltage threshold, reduce a
duty cycle of the pulse signal, to reduce
operating power of the heating film; or

if a voltage between the positive direct cur-
rent bus and the negative direct current bus
is less than or equal to a voltage threshold,
increase a duty cycle of the pulse signal, to
increase operating power of the heating
film.

2. The energy storage system according to claim 1,
wherein the energy storage system comprises a
current detection circuit and an isolating circuit, the
current detection circuit is configured to detect a
current flowing through the first switching transistor,
the isolating circuit comprises an isolating switch,
and the current detection circuit, the isolating switch,
the heating film, and the first switching transistor are
connected in series, and then connected in parallel
between the positive direct current bus and the ne-
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gative direct current bus; and
before the heating film operates, the controller is
configured to:

firstturn on theisolating switch, and if the current
flowing through the first switching transistor is
not zero, then turn off the isolating switch; or

firstturn on the isolating switch, and if the current
flowing through the first switching transistor is
zero, then turn on the first switching transistor.

3. The energy storage system according to claim 2,
wherein the isolating circuit further comprises a sec-
ond drive circuit and a second switching transistor,
the second drive circuit is configured to drive the
second switching transistor to be turned on or turned
off, and the second switching transistor is connected
in series to a coil of the isolating switch; and

the second switching transistor is turned on, the
coil generates a magnetic field, and the isolating
switch is turned on; or

the second switching transistor is turned off, the
coil does not generate a magnetic field, and the
isolating switch is turned off.

4. Theenergy storage system accordingto claim 2 or 3,
wherein the current detection circuit comprises afirst
resistor and an operational amplifier, the first resistor
is connected in series to the first switching transistor,
a non-inverting input end of the operational amplifier
is connected to one end of the first resistor, an
inverting input end of the operational amplifier is
connected to the other end of the first resistor, and
an output end of the operational amplifier is con-
nected to the controller.

5. The energy storage system according to claim 4,
wherein the current detection circuit further com-
prises a second resistor, two diodes, and a voltage
source;

the second resistor is connected in series be-
tween the controller and the output end of the
operational amplifier;

an anode of one of the diodes is connected to a
connection point of the second resistor and the
controller, and a cathode of the one of the diodes
is connected to the voltage source; and

a cathode of the other diode is connected to the
connection point of the second resistor and the
controller, and an anode of the other diode is
connected to a reference ground.

6. A heating control method for a battery pack, wherein
the method comprises:

if a voltage between a positive direct current bus
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and a negative direct current bus is greater than
a voltage threshold, reducing a duty cycle of a
first switching transistor, to reduce operating
power of a heating film, wherein the first switch-
ing transistor and the heating film are connected
in series, and then connected in parallel be-
tween the positive direct current bus and the
negative direct current bus, and the heating film
is configured to heat an electrochemical cell of
the battery pack; or

if a voltage between a positive direct current bus
and a negative direct current bus is less than or
equal to a voltage threshold, increasing a duty
cycle of a first switching transistor, to increase
operating power of a heating film.

The heating control method according to claim 6,
wherein before the heating film operates, the method
further comprises:

first turning on an isolating switch, and if a cur-
rent flowing through the first switching transistor
is not zero, then turning off the isolating switch,
wherein the isolating switch is connected in
series to the first switching transistor; or

first turning on an isolating switch, and if a cur-
rent flowing through the first switching transistor
is zero, then turning on the first switching tran-
sistor.

The heating control method according to claim 7,
wherein the turning on an isolating switch comprises:
controlling a second drive circuit to output a high-
level signal, wherein a second switching transistor is
turned on, and a coil in the isolating switch generates
a magnetic field, to turn on the isolating switch; and
the second drive circuit is configured to drive the
second switching transistor to be turned on or turned
off, and the second switching transistor is connected
in series to the coil.

The heating control method according to claim 7 or 8,
wherein the turning off the isolating switch com-
prises:

controlling the second drive circuit to output a low-
level signal, wherein the second switching transistor
is turned off, and the coil in the isolating switch does
not generate the magnetic field, to turn off the iso-
lating switch; and the second drive circuit is config-
ured to drive the second switching transistor to be
turned on or turned off, and the second switching
transistor is connected in series to the coil.

A photovoltaic energy storage system, wherein the
photovoltaic energy storage system comprises a
power converter and the energy storage system
according to any one of claims 1 to 5, and the power
converter is configured to convert a direct current
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from the energy storage system into an alternating
current, and then send the alternating current to a
power grid; or the power converter is configured to
convert an alternating current from a power grid into
a direct current, to charge the energy storage sys-
tem.
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